Abstract. Plant genetic resource collections provide novel materials to the breeding and research communities. Crop wild relatives may harbor completely novel forms of allelic variation for biotic and abiotic resistance as well as masked genes for improved quality and production. This variation has been shaped by the environment from which the plant materials were collected. With detailed original source information, genetic assessments of germplasm collections can go beyond the basic measurements of collection diversity and breeding for simple traits to assessments of natural variation in environmental contexts. Availability of detailed documentation of passport, phenotypic, and genetic data increases the value of all genebank accessions. Inclusion of georeferenced sources, habitats, and sampling data in collection databases facilitates interpretation of genetic data for genebank accessions with wild origins.
Wild plant genetic resources within genebanks provide researchers with access to valuable genotypic and phenotypic diversity. In particular, crop wild relatives are emerging as very important genetic resources that provide breeders and geneticists with desirable alleles and gene combinations that may provide sources of improved quality, yield as well as disease and pest resistance to cultivated crops (Hajjar and Hodgkin, 2007) . Crop wild relatives may harbor completely novel forms of allelic variation for biotic and abiotic resistance as well as masked genes for improved quality and production. Although crops vary in the extent of domestication that has occurred as a result of selection by or coevolution with humans, there are examples in which rare alleles were lost in the domestication process (Hyten et al., 2006) .
Wild germplasm collections contain variation that is shaped by both demographic history and population structure. The particular worth of these wild collections is that they represent both a living sample useful for breeding and, in contrast to cultivated accessions, they are associated with a specific collection point and this place sets the accession in an ecological context. Collections of wild species held in gene banks around the world operate therefore at an interface between evolutionary biology and applied conservation biology (Schoen and Brown, 2001; Walters et al., 2008) . In theory, plant germplasm collections offer a tremendous potential for building prebreeding programs that could help locate and ultimately exploit this variation in agricultural breeding programs. In practice, systematic exploitation of natural variation from wild relatives is a major investment of time and effort.
Plant breeders have long used crosses to manipulate plant phenotypes. By making wide crosses they can often open new combinations with useful characters. Transgressive variation, for example, is the phenomenon of hybrids with parents of different origins (ecotypes within a species) displaying unusual phenotypes that are often useful for understanding the genetic basis of agricultural traits (Gur and Zamir, 2004; Tanksley and McCouch, 1997) . What has been demonstrated using both traditional breeding and molecular approaches is that phenotype is not a good predictor of genetic potential and that the epistatic interaction of loci from different lineages can result in novel and potentially valuable phenotypes. Segregating populations derived from these crosses can be recurrently backcrossed to a crop parent to introduce wild alleles into a domesticated background. The methods have not only been critical in introducing traits from the wild into agricultural crops, but they have provided research materials necessary to identify the genetic basis of these traits using genomic methods. Model systems such as rice, tomato, and Arabidopsis have demonstrated significant genetic potential of exploiting transgressive variation in breeding programs (McCouch, 2004) .
A complementary approach to creating pre-breeding populations is leveraging understanding of gene function to conduct surveys of naturally occurring allelic variants at genes of agronomic importance (e.g., Johal et al., 2008) . With continued improvements in sequencing technologies, bioinformatic capacity, and analytical methods, genomic analysis is moving away from model systems and is increasingly applied to crop wild relatives in association studies and allele mining (Kumar et al., 2010) . Aided by functional characterization using mutational screens, quantitative trait loci mapping, and whole genome association studies, loci of agricultural importance have been identified and surveys of alleles at these loci have focused on naturally occurring variants for use in crop improvement (Bishop et al., 1996; Chapman et al., 2008; González-Martínez et al., 2007; Vigouroux et al., 2002; Xiao et al., 1996) . Novel alleles recovered at these loci can be integrated into crop breeding programs using conventional or molecular approaches and could be used to combat disease (Bhullar et al., 2009; Caicedo, 2008; Kaur et al., 2008; Wang et al., 2006) , promote yield increases, produce better storage and nutritional properties, or improve stress tolerance (Latha et al., 2004) . By dissecting how allelic variation controls the amplitude of a trait value, not only are breeders able to identify what allele to cross into cultivars, but geneticists can now describe gene genealogies for these loci and begin to understand the evolutionary process that gave rise to this variation.
Putting functional variation into an ecological context greatly enhances our understanding of the process that leads to adaptation. This may be particularly relevant to the development and identification of germplasm valuable for mitigation of global climate change. Adaptive differentiation forms the basis of biodiversity and serves as a major focus of evolutionary biology. The details focus not only on the specific genetic architecture and functional characteristics of specific loci, but also how variation at these genes arise and are maintained under natural selection.
Until recently the genetic mechanisms of specific gene function and the evolutionary and population genetic processes that shape diversity have been treated separately. Bridging this gap and integrating genetic, spatial, and historical context has been the focus of ecological genetics (Antonovics, 1976) and more recently population and ecological genomics (Black et al., 2001; Luikart et al., 2003) . A major driver of this interaction is the rapid advances in DNA sequencing technology (Mardis, 2008) . The ability for individual laboratories to create genomic resources and the availability of annotated and mapped sequences, a wide Received for publication 8 Apr. 2011. Accepted for publication 16 June 2011. We thank Briana Gross for providing a manuscript review. Mention of trade names or commercial products in this publication is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the U.S. Department of Agriculture. USDA is an equal opportunity provider and employer.
1 To whom reprint requests should be addressed; e-mail Gayle.Volk@ars.usda.gov. range of model organisms has created a vital opportunity to explore the genetic mechanisms of adaptation on a fundamentally new way (Stapley et al., 2010) .
Explicit sample information is critical for analyses that seek to identify adaptive variation in wild germplasm. Global standards for data documentation are critical to bridge the gap between sample context and sample genetics. Accession documentation can include, but is not limited to, passport, phenotypic, genotypic, and even genomic data. Access to organized, digitized, parsed, queriable, and complete information increases the number of requests for that germplasm (Day Rubenstein et al., 2006) . Basic passport, geospatial, habitat, and sampling data fields place ex situ samples in their environmental context.
BASIC PASSPORT INFORMATION
Global standards for documentation of biodiversity have been established. The Global Biodiversity Information Facility (GBIF) serves as a data portal for accessing primary biodiversity data from natural history collections and also observational data (Edwards et al., 2000) . These data include specimen occurrences, records of plants and animals in nature as well as curation institutions and projects. Taxonomic Data Working Group (TDWG) is the recommended format for GBIF data submission (Kelling, 2008) . The standards were specifically developed to allow institutions and organizations to share compatible biorepository information about their collections (Kennedy et al., 2006) . TDWG standards describe the collection source, taxonomy, geographical source description, biological elements, and reference elements (Taxonomic Data Working Group, 2011). These classification categories are described by the Darwin Core data standards to present a vocabulary for occurrence and related spatiotemporal information about accessions (Darwin Core Task Group, 2011) . The Darwin Core standards have been widely adopted by national and international databases that compile information about biological collections.
Because standards for passport data are intended to increase database-sharing among communities, basic inventory information is required. The Darwin Core fields include, but are not limited to, categories that provide institution codes and sample identification, taxonomic classification, and basic source locality descriptors to describe geographical references (Table 1; Darwin Core Task Group, 2011) . Darwin Core data for many collections are accessible through the GBIF portal, which facilitates searches for plant, animal, and microbial collections and genetic resources at the taxonomic, geographic, and institutional levels (Edwards et al., 2000) . Basic occurrence information can be assessed at a species level using country of origin and taxonomic data.
GEOSPATIAL EXTENSION
Darwin Core standards provide locality data based on political boundaries and locality names. As boundaries and cities change over time, identification of source locations becomes difficult to ascertain. Specific georeferencing descriptors based on precise latitude and longitude measurements remain consistent over time; thus, a set of geospatial descriptor extensions (Darwin Core Geospatial Extension) provides a mechanism to document the specific georeferencing data available for accessions (Table 1 ). The descriptors also identify the uncertainty of the documented data points. Data mining tools have been built for retrospective georeferencing, assigning latitude and longitude data to locality-based historical records (Hill et al., 2009) . GIS tools can also be used to confirm georeferenced coordinates within genebank databases (Hijmans et al., 1999) .
Geographical data, in addition to genetic data, provide opportunities for collection curators to evaluate diversity for a number of practical applications such as coordinating authenticity of accessions from collections within the country of origin, identification of duplicates, planning explorations to find novel germplasm in the wild, identification of core or reference collections, and determining potential sources of new alleles based on the species' original habitat (Greene and Pederson, 1996; Holbrook et al., 1993; Khoury et al., 2010; Ramírez-Villegas et al., 2010; Williams, 2005) . In some cases, localized alleles may have specific adaptations and these novel alleles or allelic combinations can be effectively captured when specific geographies are targeted (Schoen and Brown, 1993) . Georeferencing inferences are limited by the lack of documentation for the originally collected plant materials. In many cases, single or few accessions serve as static representations of a region.
HABITAT DESCRIPTION
Taxonomic, locality, and georeferencing data facilitate collection characterization based on the materials in the ex situ collection but provide limited information about what is going on in nature. Thus, ex situ samples taken from the wild are static elements used for coarse grain inference. As we start to investigate adaptive traits for agriculture that arise from multiple genes, the complexity of the analysis increases and the associated data collected at the time of sampling becomes more critical. The convergence of genomic, sampling, and georeferencing data allow for the estimation of genetic discontinuities, adaptations, and speciation events. The processes of species expansion, differentiation, and adaptation can be inferred when genetic and ecological data are interpreted. Habitat descriptions are needed to estimate the cause of genetic discontinuities. These help to explain the pattern of genetic diversity across the landscape. Knowledge of landscape genetics is crucial for managing the diversity of threatened and endangered populations (Manel et al., 2003) .
Well-documented habitat descriptions are useful for correlating genetic differentiation estimates with potential adaptation. These data can also inform about the history of populations. From a biogeographic data standpoint, estimates of population history are important because they allow for the identification of management units for in situ conservation and provide focus areas for allele mining. With georeferencing data, some habitat data can be retrieved from international databases such as WorldClim (Hijmans et al., 2005) .
An informal survey of 23 collection databases revealed habitat fields that are frequently included for passport data documentation. It also revealed that there is a considerable lack of standardization among databases for habitat and sampling documentation. Common habitat-type fields include those relating to physical properties of the collection site and site ownership (Table 2 ). These descriptors aid in determining whether the collected sample may be of interest to the user community (Steiner and Greene, 1996) . They may also describe critical species habitats, information valuable for the conservationists.
SAMPLING DOCUMENTATION
Samples need to be explicitly defined to accomodate assumptions used in genetic analyses. For example, samples can represent bulked populations, a defined matrilineal family, or an individual. Genetic data must be placed within a context of the sampling structure. Data users need to know if seed samples are homogeneous or heterogeneous. Do individuals within seedlots share common parentage? Are individuals within field collections related through maternal lineages? Population information such as spatial distribution, plant age, possibilities for hybridization, and how individuals in the wild were selected for sampling is important. These data allow for the identification of hierarchical estimates of genetic structure, immigrants, and long-distance gene flow. These data are also critical if ex situ materials are to eventually be reintroduced into the wild (Schoen and Brown, 2001) . Collectors traditionally summarize collection methods within narratives in notebooks and databases, but parsed data fields ensure that data are methodically and consistently collected. Suggested sampling fields that document observed population structure and collection strategies are included in Table 2 .
CONCLUSIONS
It is becoming clear that many future improvements in agriculture will rely on novel genes and gene complexes provided by wild genetic resources (Tanksley and McCouch, 1997) . Genomic efforts have begun to mine key wild individuals for novel alleles that could be used in crop improvement efforts (Tanksley and McCouch, 1997) . Subsets of collections that capture most of the alleles (allele-mining sets) have been specifically designed for this purpose (Zhao et al., 2010) . Many current efforts are focused on traits controlled by relatively few genes identified within quantitative trait loci. These genes can be taken from a wild background and inserted into a desirable cultivar using transgenic or selective breeding techniques. With more focus on using genes of similar plant origin for crop improvements (rather than interspecific transgenics), identifying desirable alleles of key genes within plants is critical.
Placing functional variation into a spatial context is an approach that can lead to a more complete understanding of genes that result in adaptation and, importantly, can serve as a rational method for identifying natural variation of potential use for agriculture (Fig. 1) . With detailed inputs, ecological niche modeling analyses can target new collection regions and novel forms of adaptation (Ramírez-Villegas et al., 2010) . For example, germplasm collection prioritizations have been established based on predictive modeling using known geographic distribution, habitat, and climate data. Collectors successfully identified novel wild pepper (Capsicum flexuosum) populations based on the model's predictions .
Combining a mechanistic understanding of gene function with a population genetic description of pattern and history will make it possible to understand the origins and age of alleles that influence fitness in the wild. New approaches that use natural variation for agricultural crop improvement will greatly enhance our knowledge of genetic adaptation in the wild (González-Martínez et al., 2007; Pauwels et al., 2008; Stapley et al., 2010; Travers et al., 2007) . The challenge will hinge on the quality of data associated with wild accessions. To enable this integrative approach, accurate passport, habitat, and sampling data must be available. Without data standards in these areas, research using variation within the collection holdings will not be able to take advantage of emerging approaches that will lead to more efficient allele-mining efforts and management practices. Clone, cultivar, cultivated, genetic, landrace, rootstock, wild, uncertain z Examples of habitat and sampling fields are selected from fields used by existing plant collection databases. Fig. 1 . The availability of detailed genomic, sampling, and locality information for genebank accessions allows collections to be evaluated for more than simple traits and patterns. The data intersection facilitates assessments of national variation, which is key for identifying complex traits and estimating processes.
